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ABSTRACT 



A braking apparatus for a vehicle has a booster for 
receiving, as a pilot pressure, a pressure of a master 
cylinder and for regulating a pressure from an auxiliary 
pressure source to a level predetermined tunes the pilot 
pressure. The booster is provided with an initial pres- 
sure raising mechanism for causing the booster to out- 
put a predetermined initial pressure in response to an 
initial actuation of a brake pedal 

5 Claims, 5 Drawing Sheets 
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of times the pressure generated in the master cylinder 

BRAKING APPARATUS FOR VEHICLE and output, in addition to the initial pressure, the thus 

regulated pressure which in turn causes the wheel cylin- . 

BACKGROUND OF THE INVENTION der to generate a braking force. 

The present invention relates to a braking apparatus 5 BRIEF DESCRIPTION OF THE DRAWINGS 

for a vehicle and, more particularly, to a braking appa- ■ 

ratus for a vehicle having an auxiliary pressure source . F 10 ; 1 * a hydraulic circuit diagram illustrating an 

and a traction controlling device for preventing the embodiment of the present invention; 

acceleration slippage at the time of starting. FIG. 2 is a partially schematic diagram illustrating a 

As shown in Japanese Patent Unexamined Publica- 10 hydraulic booster for the front wheels shown in FIG. 1; 

don No. 57-172863 which corresponds to U.S. Pat No. ' FIGS. 3A-3D are partial enlarged cross-sectional 

4,416,491, issued Nov. 22, 1983 to Juan Belart, a con- views illustrating the operation of the hydraulic 

ventional hydraulic braking apparatus for a vehicle is booster; 

arranged as follows: A brake booster .is disposed in . FIG1 4 is a graph illustrating the output characteris- . 

series between a brake pedal and a master cylinder, and. 15 tics of the hydraulic booster; and 

the power is boosted in proportion to the stepping force FIG. 5 is a schematic diagram illustrating another 

acting on the brake pedal so as to apply a force to a fygwrp!* of the hydraulic booster. 

piston of the master cylinder, thereby generating hy- ^ 

draulic pressure. The hydraulic pressure generated is DESCRITOON OF THE PREFERRED 

supplied to wheel cylinders through a piping. 20 EMBODIMENTS 

With this conventional arrangement, the master cyl- Referring now to the accompanying drawings, a 
inder projects a substantial distance . from a partition description will be made of an embodiment of the p res- 
wall disposed between a compartment and an engine . ent invention. When a brake pedal 1 is operated, a mas- 
room. This arrangement is not desirable from the view ^ cylinder 2 generates hydraulic pressure. The master 
point of efficiency of installation inside the relatively 25 cylinder 2 has two chambers for generating hydraulic 
small engine room. pressure, to which a first main pipe 111 for the front 

For this reason, it is conceivable to employ a hydrau- wn eels FR and FL and a second main pipe 112 for the 

lie booster of a type in which the master cylinder is ^ whccl5 RR and RL are connected, respectively, 

split. However, to separate -the master cylinder, iris Since ±e brake circuits for the respective wheels are 

necessary to transmit Aej>edal^peratmg force to the 30 similar a wffl be made only of the front 

hydraulic booster through hydraulic pressure, a wire J ^ A wneei FR 

n^namsm or the like. If to arrangement is adopted, ^ e mam pipe 111 branches off into a pflot pipe- 

friction of sealing parti or structural plays are present, ^ which a t0 a hydraulic booster It and 

so that a delay in the braking response during the early TaZ T;. ^^~T£T 

stage of the pedal operation is unavoidable. 35 a f h * * l P*. lAU w , hlch ■ » > connected to* fail-safe 

auigc ui mc i^uui ^luuuu « uua vuuuj c valve 31. In addition, a line 113 branching off from the 

SUMMARY OF. THE INVENTION . first main' pipe 111 is connected to a pedal adjuster 45. 

Accordingly, it is an object of the present invention . • Th * P*** J*"*". 48 has a piston dispos^ ina cylinder 

to provide Tbraking apparatus for a vehicle which is to f ***** ^tenor thereof into two chambers, to one 

capable of improving the mstallation efficiency by in- 40 of whlch *e line 113 is connected, a spnng being dis- 

stalling a booster separately from a master cylinder. posed m the other chamber. An accumulator 8 is sup- 

Another object of the present invention is to provide a ^ P" 53 "" <£» hydrauhcfluid or oil 

a braking apparatus for a vehicle which is capable of from * reservoir 5 by means of a pump 6. The accumu- 

improving the response characteristics during the early lated hydraulic pressure is transmitted to a pressure pipe 

part of a brake pedal operation. 45 * 52 wh & h * connected to the hydraulic booster 11 by 

the braking apparatus for a vehicle according to the means of a pressure branch pipe U1& 

present invention comprises a master cylinder for gen- The hydraulic booster 11 receives, as a pdot pressure, 

erating a pressure by the operation of a brake pedal, an *e hydraulic pressure from the master cylinder 2 

auxiliary pressure source for accumulating a pressure, a through the pilot pipe 121a and mechanically regulates 
booster means for receiving as a pilot pressure the pres- 50 the hydraulic pressure from the accumulator 8 to a level 

sure of the master cylinder via a pilot pipe and for regu- a predetermined time the pilot pressure so as to be deliv- 

lating the pressure supplied from the auxiliary pressure . «red to an output pipe 121c. A seal such as an O-ring is 

source to a level predetermined times the pilot pressure provided in a pilot pressure-receiving portion, of the 

and then delivering the thus regulated pressure, a wheel hydraulic booster: IV so that a time lag occurs in the 
cylinder for generating a braking force upon receipt of 55 output of the predetermined number-fold pressure dur- 

an output pressure of the booster means, and an initial uig the initial stage of brake pedal actuation due to the 

pressure raising mi^hamgTp for causing the booster rnctional resistance of that seal. Accordingly, the hy- 

TTi^Tia to output a predetermined initial pressure in re- draulic booster 11 is provided with an initial hydraulic 

sponse to an initial operation of the brake pedaL . pressure raising* mechanism 50. This mechanism 50 is 

According to this feature of the invention, during an 60 arranged in such a manner as to detect the initial opera- 
initial operation of the brake pedal, the initial pressure tion of the brake pedal by means of a brake switch 4 and 
raising mfch an wm causes the booster means to output operates on the basis of an instruction supplied from an 
the predetermined initial pressure in response to the electronic control unit (ECU). The pressure supplied 
initial brake pedal operation. This initial pressure causes from the hydraulic booster 11 is introduced into a vari- 
the wheel cylinder to generate an appropriate braking 65 able pressure reducer 21 via the pressure pipe 121c and 
force. A further operation of the brake pedal causes the a pressure pipe 131a. 

booster means to regulate the pressure from the auxil- The variable pressure reducer 21 is adapted to reduce 

tary pressure source to a level a predetermined number the output pressure of the hydraulic booster 11, as de- 
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sired, by means of an electromagnetic force and output generated, so that a hydraulic pressure equal to the 
the thus reduced pressure to an output pipeline 131b. pressure of the master cylinder 2 boosted a predeter- 
The output pressure of the variable pressure reducer 21 mined time is output in addition to the offset pressure, 
is connected to a first input port 311 of a fail-safe valve At this time, the oil inside the master cylinder 2 has been 
31. Meanwhile, the pressure of the master cylinder 2 is 5 introduced into the pedal adjuster 45, where an oil of a 
introduced into a second input port 312 of the valve 31 quantity in proportion to the pressure is accumulated, 
via a bypass pipe 161. In a first position shown in FIG. with the result that an appropriate pedal stroke with 
1, the first input port 311 communicates with a third respect to the pedal actuating force is attained, 
output port 313 and the second input port 312 is closed. The variable pressure reducer 21 reduces the output 
In a second position of the fail-safe valve, the first input 10 pressure of the afore-mentioned hydraulic booster 11 to 
port 311 is closed, while the second input port 312 and an appropriate level on the basis of signals supplied 
the third output port 313 communicate with each other. from a wheel speed sensor, a G sensor and the like and 
Pilot pipes 1414 and 141c are connected to the fail-safe then supplies the thus reduced pressure to the wheel 
valve 31, so that the pressure of the accumulator 8 and cylinder 41 so that ideal distribution of the braking force 
that of the master cylinder 2 are introduced into these 15 or antiskid control will be attained. The degree of the 
pilot pipes 1414 and 141c, respectively. The third output pressure reduction is determined by an electromagnetic 
port 313 of the fail-safe valve 31 is connected to a wheel force generated by a solenoid inside the pressure re- 
cylinder 41 through a pipeline 1416. When a hydraulic ducer in accordance with an instruction signal from the 
pressure source is kept at a normal pressure level, the ECU. The fail-safe valve 31 is in the first position shown 
fail-safe valve 31 introduces the output pressure of the 20 in FIG. 1 when the pressure of the accumulator 8 is 
variable pressure reducer 21 into the wheel cylinder 41, normal. However, when the hydraulic pressure source 
and when the pressure of the hydraulic source drops fails due, for example, to a reduction in the pressure of 
and fails, the fail-safe valve 31 is changed over to intro the accumulator 8, the pilot pressure of the master cyl- 
duce the output pressure of the master cylinder 2 into inder 2 fed through the pilot pipe 141c overcomes the 
the wheel cylinder 41 through the bypass pipe 161. 25 pilot pressure from the hydraulic pressure source fed 
Reference numerals 201 and 202 respectively denote through the pilot pipe lAld, Hence, the fail-safe valve 
pressure sensors for detecting the output pressure of the 31 is changed over to the second position in which the 
hydraulic booster 11 and the pressure of the wheel pressure of the master cylinder 2 caused by only the 
cylinder 41. pressing force of the operator acts as a braking force 

A hydraulic booster 12 for a drive wheel system, Lc f 30 through the bypass pipe 16L 
a rear wheel system in FIG. % is provided with a boost- Next, a description will be made of the drive wheels, 
ing mechanism 60 which permits output of the hydrau- i.e., the two rear wheels (RR, RL> A description will 
lie pressure even if the output pressure of the master be given of the operation of the right rear wheel (RR) at 
cylinder 2 is not present, thereby making it possible to the time of traction control during the starting and 
perform traction control for preventing the slippage of 35 acceleration. During starting and acceleration, the hy- 
drive wheels during starting and acceleration. The draulic booster 12 of the rear wheel circuits is not pro- 
boosting mechanism 60 is of the type that has a solenoid vided with the pressure of the master cylinder 2, so that 
electrically energizable to generate an electromagnetic hydraulic pressure cannot be produced mechanically, 
force which acts on a piston for receiving the master For this reason, when it is judged on the basis of an 
cylinder pressure. 40 information supplied from the wheel speed sensor that 

A description will be made later of the specific ar- slippage prevention control is necessary, the solenoid of 
rangements of the front wheel hydraulic booster 11* the the boosting mechanism 60 provided for the hydraulic 
rear wheel hydraulic booster 12 and the variable pres- booster 12 is excited, so that an electromagnetic force is 
sure reducer 2L With respect to the other hydraulic applied to the piston which receives the pressure of the 
circuits of the front left wheel (FL) and the rear wheels 43 master cylinder 2 during normal braking. Hence, the 
(RR, RL), however, a description thereof will be omit- pipeline 122c is able to obtain output pressure similar to 
ted since their arrangements are similar to that of the the one generated by the predetermined master cylinder 
front right wheel (FR). pressure. This pressure is introduced into the variable 

The operation of the above-described arrangement pressure reducer 23, which reduces the hydraulic p res- 
will now be described by focusing on the front right 50 sure to a level appropriate for the control of slippage 
wheel (FR) in FIG. 1 by way of example. When the prevention and supplies the thus reduced pressure to the 
pressure of the accumulator 8 is normal and the brake wheel cylinder 43. As a result, the acceleration slippage 
pedal 1 is not actuated, the hydraulic booster, the valves of the drive wheels during starring and acceleration is 
and so on are in the positions shown in FIG. 1, and the prevented appropriately. 

pressure in the wheel cylinder 41 is equal to the pressure 55 FIG. 1 shows, for convenience' sake, an arrangement 
in the reservoir 5, Le., the atmospheric pressure. in which only the front wheel hydraulic booster 11 is 

When the operator actuates the brake pedal 1, the provided with the initial hydraulic pressure raising 
operation of the brake is detected speedily by the brake mechanism 50, but only the rear wheel hydraulic 
switch A. As a result of this detection, the solenoid of booster 12 or both of the front and rear wheel hydraulic 
the initial hydraulic pressure raising mechanism 50 pro- 60 boosters may be provided with such mechanisms 50. 
vided for the hydraulic pressure booster 11 is excited by Next, a description will be given of the arrangements 
the ECU to make ineffective a spring 50a which has and operation of the hydraulic boosters 11 and 12 and 
kept the output pressure of the hydraulic booster 11 the variable pressure reducers 21 and 23. 
communicated with the atmospheric pressure. Conse- _ . , . , . _ 

quentiy, an offset spring 11a is allowed to operate to 65 Front whecl hydraulic booster 11 

produce an offset pressure serving as the initial pressure First, a detailed structure of the hydraulic booster 11 
output to the pipeline 121c. If the brake pedal 1 is fur- will be described with reference to FIGS. 2 to 5. The 
ther actuated, a pressure of the master cylinder 2 is hydraulic booster 11 mainly comprises a coil 250 consti- 
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tuting the initial hydraulic pressure raising mechanism An outline of the valve body section will now be 
SO, a cancel spring 50a. and a body 200 accommodating described. A sleeve 212, a seat 202 and a sleeve 203 are 
a hydraulic valve section. securely fixed inside , the valve body 200 by means of 

The hydraulic valve section is arranged such that an . pressure fitting or a similar method. The reason why 
input piston 231 receives the pilot pressure from the 5 these portions are independent of the body 200 and 
pilot pipe 121fl communicating with the master cylinder fixed thereto is as fallows: The body 200 and the rc- 
2 to mechanically regulate the hydraulic pressure sup- tainer 209 should desirably be formed of a nonmagnetic 
plied from the accumulator 8 via the pipe 121b to a level body so as not to affect the magnetic characteristics of 
a predetermined number of times the pilot pressure. the coil 250, whereas the sleeves supporting the sliding 
This hydraulic valve section has the following main 10 members of the valve and the materials of the valve seat 
components: The input piston 231 receiving the pilot should desirably be formed of a material having good 
pressure inside an input cylinder 230; a valve piston 211 slidabk characteristics and high hardness. The valve 
abutting against the right-hand end of the input piston piston 211 and the outer valve body 204 are respectively 
231; an mmr valve body 205 for closing a line between disposed substantially oil-tightly and slidabty within the . 
the output pipe 12 lr and the reservoir 5 and allowing 15 two sleeves 212 and 203. In addition, the inner valve 
them to communicate with each other by coming into body 205 is disposed oil-tightly and slidably around the 
contact with the right-hand end portion of the valve outer periphery of the shaft 206 (and relative to the. 
piston 211 (see FIG. 3C) and by being separated from outer valve body 204 as well), 
the same (see FIG. 3B>, and an outer valve body 204 The outer valve body 204. is constantly urged left- 
disposed slidably around an outer periphery of the inner 20 , wardly by a seal spring 208 abutting against the inner 
valve body 205 and adnptffd to control the communica- projection thereof and remains stationary in contact 
tion between the pipe 121b and the output pipe 121c. In with the seat 202. For this reason, when an outer valve 
addition, the hydraulic valve section has an offset spring . comprising the outer valve body 204 and the seat 202 is 
11a for biasing the piston 231 rightwards, a seal spring not operated, the outer valve is constantly closed and 
208 urging an inner peripheral projection of the outer 25 shuts off the communication between the port 1216 
valve body 204 leftwardly, and the cancel spring 50a for from the hydraulic source and the output port 121c. The . 
urging the valve piston 211 leftwardly via a push rod inner valve body 205 is disposed between the projection 
207 and an armature 256. on the inner surface of the outer valve body 204 and the 

To give a further description, the coil 250 has, as its seat 202 or a stopper 221 provided inside the body 200. 
major component members, a core 251 formed of a 30 The overall longitudinal length of the valve body 205 is 
magnetic body, a cover 252, a stator 253, and a ring 254 set to be slightly shorter than the length between the 
formed of a nonmagnetic body. Of the members, the projection of the outer valve body 204 and the stopper 
core 251, the ring 254 and the stator 253 are connected 221 with the outer valve body 204 abutting against the 
to each other by means of soldering or the like and are seat 202. On the other hand, the valve piston 211 has its 
secured to each other oil-tightly. A winding 255 is pro- 35 . right-hand end forming a valve-closing means which 
vided in a space, formed by the four main structural cooperate with the left-hand end of the inner valve . 
members including the three component members just body 205 to form an inner valve. As described earlier, ' 
mentioned and a cover 252 provided therearound. The however, since -the valve piston 211 is pushed left- 
stator 253 accommodates the armature 256 in the center wardly by the left-hand end of the push rod 207, the '. 
thereof. In other words, a magnetic circuit is formed by 40 valve piston 211, when not operated, is in a state in 
the core 251, the cover 252, the stator 253 and the anna- which it communicates with an inner passage of the 
rare 256, and a attracting force due to this magnetic inner valve body 205, as shown in FIG. 3A, via a 
force acts on the armature 256 and moves the armature groove formed in the tip of the push rod 207. For this. 
256 rightwardly. A circular hole is formed in the center reason, during the period of non-operation, the output : 
of the surface of the core 251 directed toward the anna- 45 pipe 121c communicates via the inner valve (formed by - 
ture 256 to receiver the cancel spring 50a which is the valve body 205 and the valve piston 211) with a port 
formed by a compression coil to constantly bias the leading to the reservoir 5. It should be noted that, since 
armature 256. leftwardly. the diameter of the seat of the inner valve body 205 is 

The stator 253 is connected oil-tightly to the body set to be identical with that of the shaft 206, the inner 
200 of the valve body, and both the stator 253 and the SO valve body 205 is not subjected to any thrust which is 
armature 256 abut against a retainer 209 incorporated in dependent on the pressure, regardless of the ambient 
the body 200. This retainer 209 retains a sealing O-ring pressure. 

so that the oil will uot leak between the body 200 and a Two . spaces respectively formed on the left- and 
shaft 206. This shaft 206 is hollow and accommodates right-hand ends of the outer valve body 204 communi- 
therein the push rod 207 concentrically and smoothly 55 cate with each other through a passage (not shown), 
slidably.. When not operated, the push rod 207 has its and the areas of these ends exposed to the spaces are ; 
right-hand end abutting against the armature 256 and it . equal, so that the outer valve body 204 is not affected by 
left-hand end abutting against the right-hand end of the the pressures in the two spaces, 
valve piston 211. The left-hand end of the valve piston A description will be made of the operation of the . 
211 always abuts against the input piston 231. The input 60 hydraulic booster 11. At the time of applying the 
piston 231 is disposed in the input cylinder 230 and is brakes, if the driver steps on the pedal 1, a pressure is 
urged at its left-hand end rightwardly by the offset . generated inside the master cylinder 2 and transmitted 
spring 11a. Normally, however, the urging force of the • to the input cylinder 230 via the pipes 111 and 121a. - 
cancel spring 50a transmitted via the push rod 207 and Simultaneously with this initial operation of the pedal 1, 
the armature 256 is greater than that of the offset spring 65 a signal from the switch 4 provided on the pedal 1 is 
llo, so that the valve piston 211 remains pushed to the input to the ECU which in turn energizes the coil 250. 
left end until the armature 256 is brought into contact Due to this energization, the armature 256 tends to.be: 
-with the right-hand end surface of the retainer 209. moved towards .the core 25 L If the magnetic force 
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becomes greater than the force of the cancel spring 50a t left- and right-hand ends. This balance of thrusts oper- 

the armature 256 moves rightwardly. For this reason, ates in such a manner as to maintain a relationship given 

the push rod 207, the valve piston 211 and the input by the following equation: 
piston 231 move rightwardly by being pushed back by 

the offset spring 11a. As a result of this movement, the 5 Px/oSa + Fo=Pout3b 
valve piston 211 is brought into contact with the inner 

valve body 205 to close the inner valve constituted by where P&f/cis the pilot pressure from the master cylin- 

these two members, as shown in FIG. 3C The inner dcr 2 arid Sa is a pressure receiving area at the left-hand 

valve body 205, when further moved by the offset end A of the input piston 23 L This equation can be 

spring lla, moves the projection of the outer valve l0 rewritten as follows: 
body 204 rightwardly. Consequently, the outer valve 

constituted by the outer valve body 204 and the seat 202 Potn^S jt /S^Pu/ C + VSpFo 
is made open. In the above-described operation, the 

port of the output pipe UU is shut off from the reser- pj G 4 iUiistrates this characteristic. As shown in 

voir 5 and communicated with the pipe UU leading 15 mQ ^ ^ hydrauUc n ^ ^ characteristic 

from the hydraulic source, as shown in FIG 3D. f re ^ atin ^ Uot pressure F&f/C from ^ 

Hence, high-pressure oil enters the output pipe 121r up ^ » predetermined number of times (SVS fl ) 

to the initial hydraulic pressure, causing the pressure of I ™L „jVT ■ j -ZVZ IT 

the wheel cylinders 41 and 42 to rise. predetermined imtial hydraulic pressure 

At this time, the outer valve body 204 and the inner 7(1 VS*Fohas nsen by the imtial actuation of the brake 
valve body 205 are not subjected to any effect of this P^- Thls mtial hydraulic pressure is preset to a level 
pressure rise. At the right-hand end portion of the valve wh ich will produce such a very small braking force that 
piston 211, however, the outer peripheral portion of the enables the driver to fed a slight deceleration, 
piston radially outward of the annular section, in Although, in the above, a description has been made 
contact with the inner valve body 205 is subjected to 25 of the initial pressure rise, such as the driver's initial 
this pressure and begins to receive a leftward thrust operation of the brake pedal, as well as of the pressure 
depending on the pressure. When this thrust is smaller boosting process, the hydraulic booster 11 operates 
than the force of the offset spring 11a, the inner valve is with a balance between leftward thrust and rightward 
in the position of increased pressure, shown in FIG. 3D, thrust during holding of the pressure and the pressure 
so that the pressure continues to rise. When the leftward reduction process which will be described below, 
thrust on the valve piston 211 becomes greater due to Variations of the pressure are small in a state in which 
this pressure rise and becomes slightly grater than the ^ c pressures in the wheel cylinders have risen to some 
force of the offset spring llu, the valve piston 211 be- exbaA ^ a braking is being carried out stably. How- 
gins to move leftwardly in such a manner as to balance cvttf m cases whcre thc brake m operated by the driver 
the forces. Due to this movement, the outer valve body • a subUc manncr> variations occur in thc rightward 
204 and the seat 202 are closed to prevent and any fur- ^ ^ Qn ^ b ^ m Consequently, in 
ther pressuie^This is the state of a neutral position res to * a chan m ^ ^ baW> ^ valve 
shown in FIG. 3C The above-described operation is . f m » ^ ^ ■ fa d ■ 
earned out within a very short time after the signal of p " , . " J-w 7\T 
the pedal switch 4 is detected. For this reasoVthe a n »J"f » to ^"TT? ^f™* » *f 
driverfeels that the brakes have been operated without 40 J**™ thc on thc lcft ' thenght-hand ends 
any delay, and is given a satisfactory feeling. changmg over the position of reduced pressure 

The forces acting on the valve piston 211 can be shown m mG ' 3B » the Qeutral Potion shown in FIG. 

expressed by the following equation since the surging 3C > ^ tfa e position of increased pressure shown in 
force of the offset spring 11a and the leftward thrust of F 10 - 3D * This is the pressure-regulating operation, 

the hydrauhc pressure are balanced at this time, as de- 43 To complete the braking, when the driver slackens 

scribed before: the force of stepping on the pedal 1 and the pressure 

within the master cylinder 2 is thus reduced, the right- 

j>ouTSB~* r o ward thrust declines within the hydraulic booster 11. 

Hence, the hydraulic booster 11 is frequently changed 
where Pour is the initial hydraulic pressure of the out- 50 ove r to the position of reduced pressure shown in FIG. 
put pipe 121c, Sfiis the annular pressure receiving area ZB and, thus, the output pressure correspondingly de- 
at the right-hand end B, and Fois the urging force of the c i mes ^th the ratio of Sb/Sa- 
offset spring lie. In other words, the initial hydrauUc when the braking is completed and the driver re- 
pressure Four* given by, Fo/Sb, so that this force can lease3 ^ foot from ^ pedal lt the pressure within the 
be determined freely by the selection of S 3 and F<> 55 ^ 3 drops to wo and the signal of the 

At this arne, the pressure produced m the master switcfa 4 ^ ^ a result( lhe ECU sto s me 

£L ^ small, but as th« pressure is further ener ^ on 0 ^e cofl m Smce the magnetic force of 

increased, the mpu piston 231 begins to receive this disappears, the^rmature 256 

pressure with an input pressure receiving area SA uramuic *w uwiwy vuwppoua, iuc ajuiaiwc «o 

thereof and to gradually produce the nghtvvard thrust. 60 B ^ J^d* bv Wf»B force of the 

Consequently, since the rightward thrust becomes great can f d 1 50a ' Coiisequeatly, the push rod 207 

again, each member is moved again from the neutral ^ hcs valve Pf 0 ". 21 , 1 ^wardly ^ d »"nbly 

position shown in FIG. 3C to the position of increased rcturn3 54106 to T ^ ca ^ pressure position 

pressure shown in FIG. 3D and tends to increase the ( ^ lG - 3A >- In ^ process, a sudden reduction in the 
output pressure. This output pressure is in the form of 65 hydraulic braking pressure is possible due partly to the 

an increased leftward force and increases the output disa p pearance of the pressure of the master cylinder 2. 

pressure. Thus, the hydraulic booster operates in such a In addition, since the hydraulic booster 11 is forcibly set 

manner as to maintain the balance of the thrusts on the tn the state of reduced pressure by the cancel spring 50a, 
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it is possible to prevent the so-called lingering phenome- 
non in which the braking action remains. 
" As described above, the hydraulic booster 11 is pro- 
vided with the offset spring 11a for urging the input 
piston 231 to the position of increased pressure and with 5 
the cancel spring 50a for ur ging the armature 256 to the 
position of reduced pressure, with an urging force 
greater than that of the offset spring lid. The booster U 
further has the initial pressure raising mechanism 50 
constituting by the coil 250 which is adapted to make 10 
ineffective or reduce the urging force of the cancel 
spring 50a. when the driver's initial operation of the 
brake pedal 1 is detected and which is adapted to make 
effective the urging force of the cancel spring 50a upon 
completion of the operation of the brake pedal 1. Ac- is 
. cordingly, since the hydraulic pressure from the accu- 
mulator 8 can be regulated to the initial hydraulic pres- 
sure and output speedily by means of the hydraulic 
booster 11 substantially in synchronism with the initial 



said pilot .pressure and then delivering the thus 
regulated pressure, said booster means including 
piston mwim movable by said pilot pressure and an ; 
initial pressure raising means including spring 
hi«<ing said piston means in one direction 

' and an dectromaguctic means responsive to an 
initial operation of said brake pedal to vary a force 
of said spring means for thereby allowing said pis- . 
ton means to move whereby the output pressure of 
said booster means is speedily raised to an initial 
pressure of a predetermined level; and 

a wheel cylinder for generating a braking force upon 
receipt of an output pressure of said booster means:' 

2. A' braking apparatus for a vehicle according to 
claim 1, wherein a variable pressure reducer for reduc- 
ing the pressure from said booster to a desired level in 
response to an electric control is provided in a pipe 
between said booster means and said wheel cylinder. . 

3. A braking apparatus for a vehicle according to 



operation of the brake pedal 1, it is possible to speedily 20 claim 1, wherein a fail-safe valve into which the output - 

cause a rise of the braking force in response to the pedal pressure of said booster and the pressure of said master 

operation by the driver. At the tinw of stopping, it is cylinder are introduced in parallel and the pressure of 

possible to effect speedy pressure reduction which pre- said auxiliary pressure source is also received, and 

vents the braking force from remaining. which, during a pressure drop of said auxiliary pressure 

The initial hydraulic • pressure raising mechanism 25 source, introduces the pressure of said master cylinder 

which is formed by a combination of the offset spring into said wheel cylinder. 

11a, the cancel spring 50a and the coil 250 for making 4. A braking apparatus for a vehicle including: 

the same ineffective may be modified to the arrange- a master cylinder operable by a brake pedal to gener- 

ment shown in FIG. 5, in which a cancel spring 50a', an ate a pressure; 

offset spring. 11a' and a coil 25C are disposed on the 30 an auxiliary pressure source for accumulating a pres- 



left-hand side of an input piston 331, as viewed in the 
drawing, and a rod 307* is inserted between the input 
piston 331 and the. offset spring 11a'. The boost output 
pressure during the time when the brake pedal is not 
operated is made to communicate with the reservoir 5 35 
by means of a return spring 306a' disposed between the 
valve piston 311 and'the shaft 306. The urging force of . 
the return spring 360a' may be weak but sufficient to 
overcome the sliding resistance of a sealing material for 
the input piston 331. In the arrangement shown in FIG. 40 
5, energizing a coil 256'; causes an armature 25C to slide 
rightwardly; which in turn causes the urging force 
transmitted from the cancel spring 50a' to a rod 307' to 
become ineffective. Consequently, by the action of the 
return spring 11a', the input piston 331, the valve piston 43 
311, etc. move to produce the initial hydraulic pressure. 
. As described above, since the booster receives as the 
pilot pressure the pressure of the master cylinder via a 
pilot pipe, it becomes possible for the booster to be 
installed separately from the master cylinder. Hence, 50 
the efficiency of installation on a vehicle can be im- 
proved. In addition, during an initial period when the 
driver operates ..the brake pedal, the initial pressure 
raising mechanism functions to output the predeter- 
mined pressure, so that braking can be effected speedily 55 
in accordance with the driver's intent Thus, it is possi- 
ble to eliminate a time lag in response, thereby improv- . 
ing the braking operation. 
What is claimed is: 

1. A braking apparatus for a vehicle, comprising: 
a master cylinder for generating a pressure by the 

operation of a brake pedal; 
an auxiliary pressure source for accumulating a pres- 
sure; 



sure of a pressure medium; 
booster means including piston means adapted to 
receive as a pilot pressure the pressure of said mas-, 
ter cylinder to modulate a pressure from said auxil- . 
iary pressure source to a level a predetermined . 
times said pilot pressure; 
a wheel cylinder for receiving the pressure thus mod- 
ulated by said booster means and generating a brak- 
. ing force for wheels; 

said booster means further including an offset spring 
for imparting to said piston means an urging force . 
. in the direction the same as that of said pilot pres- 
sure, a cancel spring for imparting to said piston 
means another urging force in the direction oppo- . 
site to that of the urging force of said offset spring, 
a slidable armature for transmitting the urging 
force of said cancel spring to said piston means, and 
an electromagnetic force generating means for 
electromagnetically actuating said armature to 
make ineffective the urging force of said cancel 
spring; 

a braking operation detecting means for detecting an : 

initial operation of said brake pedal; and 
initial energizing means for energizing said electro- 
magnetic force generating means when the initial 
operation of said brake pedal is detected, by said 
braking operation detecting means. 
5. A braking apparatus according to claim 4, wherein 
. said piston means comprise an input piston for receiving 
60 said pilot pressure, a valve piston having an end dis- 
posed in contact with an end of said input piston, an 
inner valve member movable into and out of sealing 
engagement with the other end of said valve piston to 



connect and disconnect an output of said booster means 
a booster means for receiving as a pilot pressure the 65 to and from a hydraulic pressure reservoir, an outer 
pressure of said master cylinder via a pilot pipe and valve member slidably disposed around an outer periph- 
for regulating the pressure supplied from said auxil- , eral surface of said inner valve member to control a 
iary pressure source to a level predetermined times . communication between said booster means output and 
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said auxiliary pressure source, a push rod slidably dis- 
posed in said inner valve member and adapted to push 
said valve piston, and a valve seat co-operable with said 
outer valve member; 
said booster means further including a seal spring 

biasing said outer valve member towards said valve 

seat; 

said outer valve member being adapted to engage 
with said inner valve member to transmit the force 
of said seal spring to said inner valve member to 
move the same towards said the other end of said 
valve piston; 

the urging force of said offset spring acting on said 
input piston and said valve piston in the same direc- 
tion as that of said pilot pressure; 



10 



15 



said the other urging force of said cancel spring act- 
ing on said push rod so that said push rod urges said 
valve piston in the direction opposite to the direc- 
tion of the urging force of said offset spring; 

the arrangement being such that, when the brake 
pedal is initially operated, said the other urging 
force of said cancel spring is made ineffective so 
that said offset spring is allowed to cause said valve 
piston to move said inner valve member and thus 
said outer valve member against said seal spring to 
separate said outer valve member away from said 
valve seat whereby said auxiliary pressure source is 
communicated with said booster means output to 
speedily raise the pressure in said wheel cylinder. 
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